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A recombinant trypsin-like protease 
FIELD OF THE INVENTION 

The present invention relates to an active recombinant trypsin-like protease, a 
proteolytic composition comprising said trypsin-like protease, a DNA construct 
5 comprising a DNA sequence encoding said trypsin-like protease, and a vector 
and cell harbouring the DNA construct. Furthermore, the present invention 
relates to a method of preparing the trypsin-like protease by use of recombi- 
nant DNA techniques. 

BACKGROUND OF THE INVENTION 

10 Proteases are widely used as ingredients in commercial detergents to improve 
the detergency towards proteinaceous soiling. For a number of years 
proteases with a broad specificity, such as subtilisins [Bacillus serine 
proteases) have been the most widely used detergent proteases. However, in 
recent years proteases having a more narrow specificity have been of 

15 increasing interest for detergent purposes. 

WO 89/06270 discloses a detergent composition comprising a protease with a 
narrow substrate specificity, namely a trypsin-like protease capable of cleaving 
peptide bonds at the C-terminal side of lysine or arginine. The trypsin-like 
protease disclosed in said reference is produced by conventional fermentation 

20 of a strain of the Fusarium sp. F. oxysporum DSM 2672, and is inevitably 
produced together with another protease (Protease I), the existence of which 
is undesirable in detergent compositions. Thus, production of the trypsin-like 
protease from the F. oxysporum strain involves a step in which the undesired 
protease is separated from the trypsin-like protease, which makes the large 

25 scale production of the latter protease more expensive than what is desirable. 
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It would be desirable to facilitate the production of said Fusarium trypsin-like 
protease, in particular by avoiding the co-production of the above mentioned 
undesired Protease I, to be able of producing both larger amounts of the 
enzyme and to produce it in a more economical manner than what is possible 
5 by the prior art methods. 

BRIEF DISCLOSURE OF THE INVENTION 

The present inventors have now succeeded in cloning a DNA sequence 
encoding a Fusarium trypsin-like protease and in obtaining expression of an 
active trypsin-like protease from said DNA sequence. 

10 Accordingly, in a first aspect the present invention relates to an active 

recombinant trypsin-like protease comprising the amino acid residues 1-224 of 
the amino acid sequence shown in the appended SEQ ID No. 2. 

In the present context the term "trypsin-like protease" is intended to indicate 
an enzyme having an activity similar to that of trypsin, i.e. an enzyme capable 
15 of cleaving peptide bonds at the C-terminal side of lysine or arginine. The 
trypsin-like protease activity may be determined in an assay based on cleavage 
of a trypsin substrate such as N-Benzoyl-L-arginine-p-nitroanilide hydrochloride 
(L-BAPA or L-BAPNA), e.g. as described in the Materials and Methods section 
below. 

20 The term "recombinant" as used about the trypsin-like protease of the 

invention is intended to indicate that it is produced by a cell transformed with 
a DNA sequence encoding the protease. Thus, the recombinant trypsin-like 
protease is produced by another organism than its parent organism and 
accordingly essentially free from components derived from said parent 

25 organism, i.e. components produced by the F. oxysporum strain DSM 2672. 
Such components may confer undesirable properties to the protease, for in- 
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stance by giving rise to undesirable enzymatic activities. In this respect, the 
recombinant trypsin-like protease of the invention is easily produced without 
Protease I, and no costly separation similar to that performed according to WO 
89/06270 is required. 

5 In the course of the research leading to the present invention, which is 
described in detail in the following examples, it was quite unexpectedly found 
to be difficult to obtain any substantial production of an active trypsin-like 
protease by cultivation of a conventionally used production organism 
(Aspergillus oryzae) transformed with the DNA sequence shown in SEQ ID No. 

10 1 . On the basis of analyses of the DNA sequence and the expression product, 
it was found that the enzyme encoded by the DNA sequence was expressed 
as an inactive proenzyme, and that large amounts of this proenzyme were 
expressed. Thus, even though large amounts of the precursor form of the 
active enzyme were available no substantial yield of an active maturated 

15 enzyme could be obtained, and it was concluded that the proenzyme was 
unstable in the A. oryzae fermentation broth. 

It was surprisingly found that the yield of the active recombinant trypsin-like 
protease could be substantially increased if the medium, in which a host cell 
harbouring a DNA sequence encoding a proenzyme form of the enzyme was 

20 cultivated, also comprised a proteolytic enzyme capable of converting the 
proenzyme into an active enzyme in lily. It is expected that the low enzymatic 
activity expressed when no other proteolytic enzyme is present may be 
ascribed to the fact that the inactive proenzyme form of the trypsin-like 
protease is considerably unstable and degraded rapidly by proteolytic enzymes 

25 expressed from the host organism, and that the addition of a proteolytic 
enzyme, which more readily than proenzyme-degrading proteolytic enzymes, 
reacts with the proenzyme resulting in the production of a mature, active 
trypsin-like protease. 
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In a further aspect the present invention relates to a DNA construct 
comprising a DNA sequence encoding an active recombinant trypsin-like 
protease of the invention as defined above. 

In still further aspects the present invention relates to a recombinant 
5 expression vector harbouring the DNA construct of the invention, to a cell 
which either harbours the DNA construct or the expression vector of the 
invention, and to a process for the production of a trypsin-like protease of the 
invention, wherein a cell of the invention as described above is cultured under 
conditions conducive to the production of the protease, and the protease is 
10 subsequently recovered from the culture. 

Finally, the present invention relates to a detergent additive and detergent 
composition comprising the active trypsin-like protease of the invention. 

DETAILED DESCRIPTION OF THE INVENTION 

The amino acid sequence of the recombinant trypsin-like protease of the 
15 invention, which was isolated from a strain of the Fusarium oxysporum DSM 
2672, has been aligned with that of trypsin-like proteases of other origins and 
have been shown to have a degree of homology of about 43% with that of 
bovine trypsin (GenBank Acc. No. P00760) and 44% with that of 
Streptomyces griseus (GenBank Acc. No. P00776K The highest homology of 
20 the trypsin-like protease of the invention has been observed with that of the 
fruit fly (GenBank Acc. No. A23493), namely 48%. 

These homologies are taken to indicate that some kind of evolutionary re- 
lationship exists between trypsin-like proteases, but also that the Fusarium 
trypsin-like protease of the invention may represent a distinct class of trypsin- 
25 like proteases. It is contemplated that the trypsin-like protease of the invention 
or DNA encoding the protease may be isolated from other organisms, including 
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animals, especially a mammal, an insect, a plant or a microorganism. In the 
present context, especially interesting origins are bacteria and fungi, including 
yeasts and filamentous fungi. 

The active recombinant trypsin-like protease of the invention comprising the 
5 amino acid residues 1-224 of the SEQ ID No. 2 has a number of characteristic 
properties. For instance, the protease surprisingly shows a reversed Arg/Lys 
specificity compared to that of bovine trypsin, i.e. the trypsin-like protease of 
the invention is more Arg-active than Lys-active. 

The pH-activity profile of the trypsin-like protease of the invention shows a 
10 broad activity optimum between pH 8 and 1 1, in particular about 10 when 
using H-D-Val-Leu-Lys-pNA as a substrate at 25 °C. The temperature optimum 
is approximately 40°C at pH 9.5 using H-D-Val-Leu-Lys-pNA. The mature, 
active enzyme consists of 224 amino acid residues and has a molecular 
weight of 22190. It is expressed in the form of a pre-pro-enzyme, in which 
15 the signal peptide is contemplated to be amino acid residues -24 to -8 
(according to the rules of von Heijne (1986) and the pro-peptide amino acid 
residues -7 to -1 . The specific activity of the enzyme is at least about 30 
Casein Protease Units (CPU)/g and preferably equal to or higher than about 35 
CPU/g. The protease activity may be determined by the method given in WO 
20 89/06270, the content of which is hereby incorporated by reference. 

The DNA sequence of the DNA construct of the invention encoding a recombi- 
nant protease enzyme as defined above is preferably as shown in the 
appended SEQ ID No. 1. Analogues of said sequence, which differ in one or 
more codons, but which encodes the recombinant protease protein are also 
25 within the invention. 

The DNA sequence of the DNA construct of the invention may be isolated by 
well-known methods. Thus, the DNA sequence may, for instance, be isolated 
by establishing a cDNA or genomic library from an organism expected to 
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harbour the sequence, and screening for positive clones by conventional 
procedures. Examples of such procedures are hybridization to oligonucleotide 
probes synthesized on the basis of the full amino acid sequence shown in SEQ 
ID No. 2 or a subsequence thereof in accordance with standard techniques (cf . 
5 Sambrook et al., 1989), and/or selection for clones expressing a trypsin-like 
protease activity as defined above, and/or selection for clones producing a 
protein which is reactive with an antibody raised against the trypsin-like 
protease comprising the amino acid sequence shown in SEQ ID No. 2 and in 
particular amino acid residues 1-224 thereof. 

10 A preferred method of isolating a DNA construct of the invention from a cDNA 
or genomic library is by use of polymerase chain reaction (PCR) using 
degenerate oligonucleotide probes prepared on the basis of the amino acid 
sequence of the trypsin-like protease of the invention comprising amino acid 
residues 1-224 of SEQ ID No. 2. For instance, the PCR may be carried out 

15 using the techniques described in US Patent No. 4,683,202 or by R.K. Saiki et 
al. (1988). 

Alternatively, the DNA sequence of the DNA construct of the invention may 
be prepared synthetically by established standard methods, e.g. the 
phosphoamidite method described by Beaucage and Caruthers (1981), or the 
20 method described by Matthes et al. (1984). According to the phosphoamidite 
method, oligonucleotides are synthesized, e.g. in an automatic DNA synthesi- 
zer, purified, annealed, ligated and cloned in appropriate vectors. 

Finally, the DNA construct may be of mixed genomic and synthetic, mixed 
synthetic and cDNA or mixed genomic and cDNA origin prepared by ligating 
25 fragments of synthetic, genomic or cDNA origin (as appropriate), the 
fragments corresponding to various parts of the entire recombinant DNA 
molecule, in accordance with standard techniques. 
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The recombinant expression vector carrying the DNA construct of the 
invention may be any vector which may conveniently be subjected to 
recombinant DNA procedures, and the choice of vector will often depend on 
the host cell into which it is to be introduced. Thus, the vector may be an 
5 autonomously replicating vector, i.e. a vector which exists as an extrachromo- 
somal entity, the replication of which is independent of chromosomal 
replication, e.g. a plasmid, a bacteriophage or an extrachromosomal element, 
minichromosome or an artificial chromosome. Alternatively, the vector may be 
one which, when introduced into a host cell, is integrated into the host cell 
10 genome and replicated together with the chromosome(s) into which it has 
been integrated. 

In the vector, the DNA sequence should be operably connected to a suitable 
promoter sequence. The promoter may be any DNA sequence which shows 
transcriptional activity in the host cell of choice and may be derived from 

15 genes encoding proteins either homologous or heterologous to the host cell. 
Examples of suitable promoters for directing the transcription of the DNA 
construct of the invention, especially in a bacterial host, are the promoter of 
the lac operon of E.coli, the Streptomyces coelicolor agarase gene dag A 
promoters, the promoters of the Bacillus licheniformis a-amylase gene {amyD, 

20 the promoters of the Bacillus stearothermophi/us maltogenic amylase gene 
{amyM), the promoters of the Bacillus Amyloliquefacfens cr-amylase {amyQ), 
the promoters of the Bacillus subtilis xylA and xylB genes etc. For 
transcription in a fungal host, examples of useful promoters are those derived 
from the gene encoding A oryzae TAKA amylase, Rhizomucor miehei aspartic 

25 proteinase, A niger neutral a-amylase, A niger acid stable a-amylase, A. niger 
glucoamylase, Rhizomucor miehei lipase, A. oryzae alkaline protease, A, 
oryzae triose phosphate isomerase or A. nidutans acetamidase. 

The expression vector of the invention may also comprise a suitable 
transcription terminator and, in eukaryotes, polyadenylation sequences 
30 operably connected to the DNA sequence encoding the recombinant protease 



WO 94/25583 



PCT/DK94/00177 



8 

of the invention. Termination and polyadenylation sequences may suitably be 
derived from the same sources as the promoter. 

The vector may further comprise a DNA sequence enabling the vector to 
replicate in the host cell in question. Examples of such sequences are the ori- 
5 gins of replication of plasmids pUC19, pACYC177, pUB110, pE194, pAMB1 
and plJ702. 

The vector may also comprise a selectable marker, e.g. a gene the product of 
which complements a defect in the host cell, such as the dal genes from 
B.subtilis or BJ/cheniformis, or one which confers antibiotic resistance such as 
10 ampicillin, kanamycin, chloramphenicol or tetracyclin resistance. Examples of 
Aspergillus selection markers include amdS, argB, niaD and sC, a marker 
giving rise to hygromycin resistance. Furthermore, the selection may be 
accomplished by co-transformation, e.g. as described in WO 91/17243. 

While intracellular expression may be advantageous in some respects, e.g. 

15 when using certain bacteria as host cells, it is generally preferred that the 
expression is extracellular. As mentioned above the trypsin-like protease of the 
invention comprising the amino acid sequence shown in the SEQ ID No. 2 
comprises a preregion permitting secretion of the expressed protease into the 
culture medium. If desirable, this preregion may be substituted with a different 

20 preregion or signal sequence, convenient accomplished by substitution of the 
DNA sequences encoding the respective preregions. 

The procedures used to ligate the DNA construct of the invention, the 
promoter, terminator and other elements, respectively, and to insert them into 
suitable vectors containing the information necessary for replication, are well 
25 known to persons skilled in the art (cf., for instance, Sambrook et al. (1989)}. 

The cell of the invention either comprising a DNA construct or an expression 
vector of the invention as defined above is advantageously used as a host cell 
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in the recombinant production of a polypeptide of the invention. The cell may 
be transformed with the DNA construct of the invention, conveniently by inte- 
grating the DNA construct in the host chromosome. This integration is 
generally considered to be an advantage as the DNA sequence is more likely 
5 to be stably maintained in the cell. Integration of the DNA constructs into the 
host chromosome may be performed according to conventional methods, e.g. 
by homologous or heterologous recombination. Alternatively, the cell may be 
transformed with an expression vector as described above in connection with 
the different types of host cells. 

10 The cell of the invention may be a cell of a higher organism such as a mammal 
or an insect, but is preferably a microbial cell, e.g. a bacterial or a fungal (in- 
cluding yeast) cell. 

Examples of suitable bacteria are grampositive bacteria such as Bacillus 
subtilis, Bacillus licheniformls, Bacillus lentus, Bacillus brevis, Bacillus 

15 stearothermophilus, Bacillus alkalophilus, Bacillus amyloliquefaciens, Bacillus 
coagulans, Bacillus circulans, Bacillus lautus, Bacillus megaterium, Bacillus 
thuringiensis, or Streptomyces lividans or Streptomyces murinus, or gramnega- 
tive bacteria such as EcofL The transformation of the bacteria may for 
instance be effected by protoplast transformation or by using competent cells 

20 in a manner known per se. 

The yeast organism may favourably be selected from a species of 
Saccharomyces or Schizosaccharomyces, e.g. Saccharomyces cerevisiae. The 
filamentous fungus may advantageously belong to a species of Aspergillus, 
e.g. Aspergillus oryzae or Aspergillus niger. Alternatively, a strain of a 
25 Fusarium species, e.g. F. oxysporum, can be used as a host cell. Fungal cells 
may be transformed by a process involving protoplast formation and trans- 
formation of the protoplasts followed by regeneration of the cell wall in a 
manner known per se. A suitable procedure for transformation of Aspergillus 
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host cells is described in EP 238 023. A suitable method of transforming 
Fusarium species is described by Malardier et al., 1989. 

In a yet further aspect, the present invention relates to a method of producing 
a recombinant trypsin-like protease of the invention, which method comprises 
5 cultivating a host cell as described above under conditions conducive to the 
production of the protease and recovering the protease from the cells and/or 
culture medium. 

The medium used to cultivate the cells may be any conventional medium 
suitable for growing the host cell in question and obtaining expression of the 
10 protease of the invention. Suitable media are available from commercial 

suppliers or may be prepared according to published recipes (e.g. in catalogues 
of the American Type Culture Collection). 

From the above disclosure it is apparent that when the trypsin-like protease of 
the invention is expressed as a proenzyme, substantially increased yields may 
15 be obtained when the cultivation is performed in the presence of a proteolytic 
enzyme or optionally two or more proteolytic enzymes capable of transforming 
the proenzyme into an active enzyme in the medium. 

The proteolytic enzyme(s) may be added as such to the fermentation broth in 
which the cell producing the proenzyme is cultured. The proteolytic enzyme(s) 

20 to be added may be a Bacillus metallo-protease, for instance a commercially a- 
vailable enzyme, e.g. Neutrase 0 , thermolysin, or another enzyme with a similar 
activity such as a proteolytic enzyme from Bacillus stearothermophilus 
(Zamost et al., 1990} or an aspartic protease from F. oxysporum obtainable as 
described in Example 1 hereinafter. Alternatively, the proteolytic enzyme may 

25 be produced by culturing a host cell transformed with a DNA sequence encod- 
ing the proteolytic enzyme under suitable conditions to produce the enzyme 
and recovering the enzyme from the culture. 



WO 94/25583 



PCT/DK94/00177 



11 

Furthermore, the presence of the proteolytic enzyme(s) in the fermentation 
broth may be accomplished by inserting the DNA sequence(s) encoding said 
enzyme(s) into the cell harbouring a DNA construct of the invention in such a 
manner that the proteolytic enzyme(s) is/are expressed and excreted in suffi- 
5 cient amounts to activate the protease of the invention. 

The resulting trypsin-like protease may be recovered from the medium by con- 
ventional procedures including separating the cells from the medium by centri- 
fugation or filtration, if necessary after disruption of the cells, precipitating the 
proteinaceous components of the supernatant or filtrate by means of a salt, 
10 e.g. ammonium sulphate, followed by purification by a variety of 

chromatographic procedures, e.g. ion exchange chromatography, affinity 
chromatography, or the like. 

Detergent Compositions 

According to the invention, the trypsin-like protease may typically be a 
15 component of a detergent composition. As such, it may be included in the de- 
tergent composition in the form of a non-dusting granulate, a stabilized liquid, 
or a protected enzyme. Non-dusting granulates may be produced, e.g., as dis- 
closed in US 4,106,991 and 4,661,452 (both to Novo Industri A/S) and may 
optionally be coated by methods known in the art. Examples of waxy coating 
20 materials are polylethylene oxide) products (polyethyleneglycol, PEG) with 
mean molar weights of 1000 to 20000, ethoxylated nonylphenols having from 
16 to 50 ethylene oxide units; ethoxylated fatty alcohols in which the alcohol 
contains from 12 to 20 carbon atoms and in which there are 15 to 80 
ethylene oxide units; fatty alcohols; fatty acids; and mono- and di- and 
25 triglycerides of fatty acids. Examples of film-forming coating materials suitable 
for application by fluid bed techniques are given in patent GB 1483591. Liquid 
enzyme preparations may, for instance, be stabilized by adding a polyol such 
as propylene glycol, a sugar or sugar alcohol, lactic acid or boric acid 
according to established methods. Other enzyme stabilizers are well known in 
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the art. Protected enzymes may be prepared according to the method 
disclosed in EP 238,216. 

The detergent composition of the invention may be in any convenient form, 
e.g. as powder, granules, paste or liquid. A liquid detergent may be aqueous, 
5 typically containing up to 70 % water and 0-30 % organic solvent, or 
nonaqueous. 

The detergent composition comprises one or more surfactants, each of which 
may be anionic, nonionic, cationic, or zwitterionic. The detergent will usually 
contain 0-50 % of anionic surfactant such as linear alkylbenzenesulfonate 

10 (LAS), alpha-olefinsulfonate (AOS), alkyl sulfate (fatty alcohol sulfate) (AS), 
alcohol ethoxysulfate (AEOS or AES), secondary alkanesulfonates (SAS), 
alpha-sulfo fatty acid methyl esters, alkyl- or alkenylsuccinic acid or soap. It 
may also contain 0-40 % of nonionic surfactant such as alcohol ethoxylate 
(AEO or AE), carboxylated alcohol ethoxylates, nonylphenol ethoxylate, 

15 alkylpolyglycoside, alkyldimethylamineoxide, ethoxylated fatty acid 

monoethanolamide, fatty acid monoethanolamide, or polyhydroxy alkyl fatty 
acid amide (e.g. as described in WO 92/06154). 



The detergent composition may additionally comprise one or more other 
enzymes, such as amylase, lipase, cutinase, another protease, cellulase, 
20 peroxidase and oxidase. 



The detergent may contain 1-65 % of a detergent builder or complexing agent 
such as zeolite, diphosphate, triphosphate, phosphonate, citrate, nitrilotriacetic 
acid (NTA), ethylenediaminetetraacetic acid (EDTA), diethylenetriaminepenta- 
acetic acid (DTMPA), alkyl- or alkenylsuccinic acid, soluble silicates or layered 
25 silicates (e.g. SKS-6 from Hoechst). The detergent may also be unbuilt, i.e. 
essentially free of detergent builder. 

The detergent may comprise one or more polymers. Examples are 
carboxymethylcellulose (CMC), poly(vinylpyrrolidone) (PVP), 
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polyethyleneglycol (PEG), polyvinyl alcohol) (PVA), polycarboxylates such as 
polyacrylates, maleic/acrylic acid copolymers and lauryl methacrylate/acrylic 
acid copolymers. 

The detergent may contain a bleaching system which may comprise a H 2 0 2 
5 source such as perborate or percarbonate which may be combined with a 
peracid-forming bleach activator such as tetraacetylethylenediamine (TAED) or 
nonanoyloxybenzenesulfonate (NOBS). Alternatively, the bleaching system 
may comprise peroxyacids of e.g. the amide, imide, or sulfone type. 

The enzymes of the detergent composition of the invention may be stabilized 
10 using conventional stabilizing agents, e.g. a polyol such as propylene glycol or 
glycerol, a sugar or sugar alcohol, lactic acid, boric acid, or a boric acid de- 
rivative as e.g. an aromatic borate ester, and the composition may be 
formulated as described in e.g. WO 92/19709 and WO 92/19708. 

The detergent may also contain other conventional detergent ingredients such 
15 as e.g. fabric conditioners including clays, foam boosters, suds suppressors, 
anti-corrosion agents, soil-suspending agents, anti-soil redeposition agents, 
dyes, bactericides, optical brighteners, or perfume. 

The pH (measured in aqueous solution at use concentration) will usually be 
neutral or alkaline, e.g. 7-12 such as 7-10.5. 

20 Particular forms of detergent compositions within the scope of the invention 
include: 



WO 94/2S5&3 



PCT/DK94/00177 



14 

1) A detergent composition formulated as a granulate having a bulk density of 
at least 600 g/l comprising 

- linear alkylbenzenesulfonate 

(calculated as acid) 7 - 12% 

5 - alcohol ethoxysulfate 

(e.g. C 12 . l8 alcohol, 1-2 EO) or 

alkyl sulfate (e.g. C 16 . 18 ) 1 " 4% 

- alcohol ethoxylate 

(e.g. C u ., 5 alcohol, 7 EO) 5 - 9% 

10 - sodium carbonate (as Na 2 C0 3 ) 14 - 20% 

- soluble silicate (as Na 2 0,2Si0 2 ) 2 - 6% 

- zeolite (as NaAISi0 4 ) 1 5 - 22% 
. sodium sulfate (as Na 2 S0 4 ) 0 - 6% 

- sodium citrate/citric acid 0 - 15% 
15 (as C e H 5 Na 3 0 7 /CeH 8 0 7 ) 

- sodium perborate (as NaB0 3 .H 2 0) 1 1 - 18% 

- TAED 2- 6% 

- carboxymethylcellulose 0 - 2% 

- polymers (e.g. maleic/acrylic acid 

20 copolymer, PVP, PEG) 0 - 3% 

- enzymes 0 " 5 % 

- minor ingredients (e.g. suds 
suppressors, perfume, optical 

brightener, photobleach) 0 - 5% 

25 2) A detergent composition formulated as a granulate having a bulk density of 
at least 600 g/l comprising 

- linear alkylbenzenesulfonate 

(calculated as acid) 6 - 1 1 % 

- alcohol ethoxysulfate 

30 (e.g. C 12 . 18 alcohol, 1-2 EO) 
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or alkyl sulfate (e.g. C 16 . 18 ) 1 - 3% 

- alcohol ethoxylate 

(e.g. C 14 . 1S alcohol, 7 EO) 5 • 9% 

- sodium carbonate (as Na 2 C0 3 ) 15 - 21% 
5 - soluble silicate (as Na 2 0,2Si0 2 ) 1 - 4% 

- zeolite (as NaAISi0 4 ) 24 - 34% 

- sodium sulfate (as Na 2 S0 4 ) 4 - 10% 

- sodium citrate/citric acid 0 - 15 % 
(as C 6 H 5 Na 3 0 7 /C e H 8 0 7 ) 

10 - carboxymethylcellulose 0 - 2% 

- polymers (e.g. maleic/acrylic acid copolymer, 

PVP, PEG) 1 - 6% 

- enzymes 0 - 5% 

- minor ingredients 

15 (e.g. suds suppressors, perfume) 0- 5% 

3) A detergent composition formulated as a granulate having a bulk density of 
at least 600 g/l comprising 

- linear alkylbenzenesulfonate 

(calculated as acid) 5 - 9% 



20 - alcohol ethoxylate 

<e.g. C 12 . 15 alcohol, 7 EO) 7 - 14% 



f 0 



- soap as fatty acid 

(e.g. C 1M2 ) 1 - 3% 

- sodium carbonate (as Na 2 C0 3 ) 10 - 17% 
25 - soluble silicate (as Na 2 0,2Si0 2 ) 3 - 9% 

- zeolite (as NaAISi0 4 ) 23 - 33% 

- sodium sulfate (as Na 2 S0 4 ) 0 - 4% 

- sodium perborate (as NaB0 3 .H 2 0) 8 - 16% 
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- TAED 2 " 8% 

- phosphonate (e.g. EDTMPA) 0 - 1 % 

- carboxymethylcellulose 0 - 2 % 

- polymers (e.g. maleic/acrylic acid copolymer, 
5 PVP, PEG) 1 " 3% 



- enzymes 



0- 5% 



- minor ingredients (e.g. suds suppressors, 
perfume, optical brightener) 0 - 5% 



4) A detergent composition formulated as a granulate having a bulk density of 
10 at least 600 g/l comprising 

- linear alkylbenzenesulfonate 

(calculated as acid) 8 - 12% 

- alcohol ethoxylate 

(e.g. C 12 . 15 alcohol, 7 EO) 10 - 25% 

15 - sodium carbonate (as Na 2 C0 3 ) 14 - 22% 

- soluble silicate (as Na 2 0,2Si0 2 ) 1 - 5% 

- zeolite (as NaAISi0 4 ) 25 - 35% 

- sodium sulfate (as Na 2 S0 4 ) 0 - 10% 

- carboxymethylcellulose 0 - 2% 



20 - polymers (e.g. maleic/acrylic acid copolymer, 

PVP, PEG) 1 - 3% 



r 0 



enzymes 0-5% 
minor ingredients (e.g. suds suppressors, 

perfume) 0 - 5% 



25 5) An aqueous liquid detergent composition comprising 
- linear alkylbenzenesulfonate 
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{calculated as acid) 1 5 - 21 % 

- alcohol ethoxylate 

(e.g. C 12 . n5 alcohol, 7 EO or 

C 12 . 15 alcohol, 5 EO) 12-18% 

5 - soap as fatty acid (e.g. oleic acid) 3 - 13% 

- alkenylsuccinic acid (C^.-u) 0 " 13% 

- aminoethanol 8 - 18 °/° 

- citric acid 2 - 8% 

- phosphonate 0 * 3% 
10 - polymers (e.g. PVP, PEG) 0 - 3% 

- borate (as B 4 0 7 ) 0 - 2% 

- ethanol 0 - 3 % 

- propylene glycol 8 - 14% 

- enzymes 0 - 5% 

15 - minor ingredients 

(e.g. dispersants, suds suppressors, 

perfume, optical brightener) 0 - 5% 

6) An aqueous structured liquid detergent composition comprising 

- linear alkylbenzenesulfonate 

20 (calculated as acid) 15-21% 

- alcohol ethoxylate 
(e.g. C 12 . 15 alcohol, 7 EO 

or C 12 . 15 alcohol, 5 EO) 3 - 9% 

- soap as fatty acid (e.g. oleic acid) 3 - 10% 
25 - zeolite (as NaAISiOJ 14 - 22% 

- potassium citrate 9 - 18% 

- borate (as B 4 0 7 ) 0 - 2% 
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- carboxymethylcellulose 0 - 2% 

- polymers (e.g PEG, PVP) 0 - 3% 

- anchoring polymers as 

e.g. lauryl metharylate/acrylic acid copolymer; 

5 molar ratio 25:1; MW 3800 0 - 3% 

- glycerol 0 ■ 5% 

- enzymes 0 - 5% 

- minor ingredients ( 
(e.g. disf>ersants, suds suppressors, perfume, 

10 optical brighteners) 0 - 5% 

7) A detergent composition formulated as a granulate having a bulk density of 
at least 600 g/l comprising 

- fatty alcohol sulfate 5 - 10% 

- ethoxylated fatty acid monoethanolamide 3 - 9% 
15 - soap as fatty acid 0-3% 

- sodium carbonate (as Na 2 C0 3 ) 5 - 10% 

- soluble silicate (as Na 2 0,2Si0 2 ) 1 - 4% 

- zeolite (as NaAISi0 4 ) 20 - 40% 

- sodium sulfate (as Na 2 S0 4 ) 2 - 8% 
20 - sodium perborate (as NaB0 3 .H 2 0) 12 - 18% 

- TAED 2- 7% 

- polymers (e.g. maleic/acrylic acid copolymer, 

PEG) 1 - 5% 

- enzymes 0 - 5% 

25 - minor ingredients (e.g, optical brightener, 

suds suppressors, perfume) 0 - 5% 

8) A detergent composition formulated as a granulate comprising 
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- linear alkylbenzenesulfonate 
(calculated as acid) 


8 - 


14% 




- ethoxylated fatty acid monoethanolamide 


5 - 


11% 




- soap as fatty acid 


0 - 


3% 


5 


- sodium carbonate (as Na 2 C0 3 ) 


4 - 


10% 




- soluble silicate (as Na 2 0,2Si0 2 ) 


1 - 


4% 




- zeolite (as NaAISi0 4 ) 


30 - 


50% 




- sodium sulfate (as Na 2 S0 4 ) 


3- 


11% 




- soaium citrate \as ugn5i\ia 3 U7j 


n . 


1 9% 


10 


- polymers (e.g. PVP, 
maleic/acrylic acid copolymer, PEG) 


1 - 


5% 




- enzymes 


0- 


5% 




- minor ingredients (e.g. suds suppressors, 
perfume) 


0 - 


5% 


15 9) A detergent composition formulated as a granulate comprising 




- linear alkylbenzenesulfonate 
(calculated as acid) 


6 - 


12% 




- nonionic surfactant, 


1 - 


4% 




- soap as fatty acid 


2 - 


6% 


20 


- sodium carbonate (as Na 2 C0 3 ) | 


14 ■ 


■ 22% 




- zeolite (as NaAISiOJ 


18 


■ 32% 




- sodium sulfate (as Na 2 S0 4 ) 


5 - 


20% 




- sodium citrate (as C 6 H 5 Na 3 0 7 ) 


3 - 


8% 




- sodium perborate (as NaB0 3 .H 2 0) 


4 • 


9% 


25 


- bleach activator (e.g. NOBS or TAED) 


1 - 


5% 




- carboxymethylcellulose 


0 - 


2% 
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- polymers (e.g. polycarboxylate or PEG) 1 - 5% 

- enzymes . 0-5% 

- minor ingredients 
(e.g. optical brightener, perfume) 



0- 5% 



5' 10) An aqueous liquid detergent composition comprising 

- linear alkylbenzenesulfonate 

(calculated as acid) 1 5 - 23% 

- alcohol ethoxysulfate 

(e.g. C 12 . 15 alcohol, 2-3 EO) 8 - 15% 

10 - alcohol ethoxylate 

(e.g. C 12 . l5 alcohol, 7 EO 

or C 12 . 16 alcohol, 5 EO) 3 - 9% 

- soap as fatty acid (e.g. lauric acid) 0 - 3% 

- aminoethanol 1 " 5% 
15 - sodium citrate 5 - 10% 

- hydrotrope (e.g. sodium toluenesulfonate) 2 - 6% 

- borate (as B 4 0 7 ) 0 - 2% 

- carboxymethylcellulose 0 - 1 % 

- ethanol 1 ■ 30/0 
20 - propylene glycol 2 - 5% 

- enzymes 0 " 5 % 

- minor ingredients (e.g. polymers, dispersants, 

perfume, optical brighteners) 0 - 5% 



11) An aqueous liquid detergent composition comprising 

25 - linear alkylbenzenesulfonate 

(calculated as acid) 20 - 32% 

- alcohol ethoxylate 
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(e.g. C 12 . 15 alcohol, 7 EO 

or C n2 . is alcohol, 5 EO) 6- 12% 

- aminoethanol 2 " 6% 

- citric acid 8 " 14% 
5 - borate (as B 4 0 7 ) 1 * 3% 

- polymer (e.g. maleic/acrylic acid copolymer, 
anchoring polymers as e.g. 

lauryl methacrylate/acrylic acid 

copolymer and CMC) 0 - 3% 

10 - glycerol 3 " 8% 

- enzymes 0 " 5% 

- minor ingredients (e.g. hydrotropes, 

dispersants, perfume, optical brighteners) 0 - 5% 

1 2) A detergent composition formulated as a granulate having a bulk density 
15 of at least 600 g/l comprising 

- anionic surfactant (linear 
alkylbenzenesulfonate, alkyl sulfate, alpha- 
olefinsulfonate, alpha-sulfo fatty acid 

methyl esters, alkanesulfonates, soap) 25 - 40% 



20 - nonionic surfactant 

(e.g. alcohol ethoxylate) 1 - 10% 



'0 



- sodium carbonate (as Na 2 C0 3 ) 8 - 25% 

- soluble silicates (as Na 2 0, 2Si0 2 ) 5 - 15% 

- sodium sulfate (as Na 2 S0 4 ) 0 - 5% 
25 - zeolite (as NaAISIOJ 15 - 28% 

- sodium perborate (as NaB0 3 .4H 2 O) 0 - 20% 

- bleach activator (TAED or NOBS) 0 - 5% 

- enzymes 0 " 5% 
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- minor ingredients 
(e.g. perfume, optical brighteners) 0 - 3% 

13) Detergent formulations as described in 1) - 12) where the content of linear 
alkylbenzenesulfonate - or a part of it - is substituted by alkyl sulfate (C 12 -C 1B ). 

5 14) Detergent formulations as described in 1) - 13) which contain a stabilized 
or encapsulated peracid either as an additional component or as a substitute 
for already specified bleach systems. 

15) Detergent compositions as described in 3), 7), 9) and 12) where the 
content of perborate is substituted with percarbonate. 

10 16) Detergent composition formulated as a nonaqueous detergent liquid 
comprising a liquid nonionic surfactant as e.g. linear alkoxylated primary 
alcohol, a builder system (e.g. phosphate), enzyme and alkali. The detergent 
may also comprise anionic surfactant and/or a bleach system. 

The trypsin-like protease of the invention may be incorporated in 
15 concentrations conventionally employed in detergents. It is at present con- 
templated that, in the detergent composition of the invention, the trypsin-like 
protease may be added in an amount corresponding to 0.001-100 mg of the 
enzyme per liter of wash liquor. 

BRIEF DESCRIPTION OF THE DRAWINGS 

20 The invention is further illustrated in the accompanying drawings, in which 

Fig. 1 illustrates the construction of the expression plasmid pSX183 further 
described in Example 3. 
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The present invention is further illustrated in the following examples which 
should not, in any manner, be considered to limit the scope of the present 
invention. 

MATERIALS AND METHODS 
5 Strains 
Aspergillus oryzae IFO 4177 

Fusarium oxysporum DSM 2672 described in WO 89/06270 

E. coll MC1000 (Cassabadan and Cohen, 1980) 

Determination of trypsin-like Fusarium protease activity 
10 The trypsin-like protease is assayed using the specific substrate N-Benzoyl-L- 
arginine p-nitroanilide hydrochloride {L-BAPA or L-BAPNA). 

Buffer 

0.01 M dimethylglutaric acid (Sigma D4379), 0.2 M boric acid and 0.002 M 
calcium chloride adjusted to pH 6.5 with NaOH. 

15 Substrate 

L-BAPA is available from Sigma (B3133) or Merck (Art. 10754). 

A 0.2 M stock solution in dimethyl sulfoxide is prepared (87mg/ml) (store 

frozen) and diluted to 0.004 M with the buffer described above. 

Assay ~" 
20 The trypsin-like protease is diluted to approx. 15//g/ml for the assay. 
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100/;l of the diluted trypsin-like protease are mixed with 100//I of 0.004 M L-- 
BAPA in a 96 well microtiter plate. A blank with 100//I buffer and 100//I 0.004 
M L-BAPA is used for correction. 

The absorption change (delta OD/min) is monitored at 405 nm in an Elisa 
5 reader for 10 minutes with readings every 5 minutes at 25 °C or room 
temperature. 

The result is calculated relative to the trypsin content of a reference Fusarium 
trypsin-like protease. 

Plasmids 
10 pCDV1-PL {Noma et al., 1986) 
p777 (described in EP 0 489 718) 
pToC90 (described in WO 91/17243) 

EXAMPLES 

EXAMPLE 1 

15 PURIFICATION OF THE TRYPSIN-LIKE PROTEASE FROM FUSARIUM 

A crude F. oxysporum protease preparation was isolated from the supernatant 
obtained by fermentation of the F. oxysporum DSM 2672 in a soy meal 
containing medium substantially as described in WO 89/06270. Subsequently, 
the Fusarium oxysporum trypsin-like protease was separated from two other 

20 F. oxysporum proteases by 0-1M/0-25% sodium chloride/isopropanol gradient 
elution at pH 7.0 from a bacitracin-silicapolyol affinity column (Mortensen et 
al., 1989). The two other proteases separated from the F. oxysporum trypsin- 
like protease by this procedure were, a subtilisin-like enzyme, and an aspartic 
protease with specificity required Tor the activation of the proform of the F. 

25 oxysporum trypsin-like protease (Asn-lle cleavage). 
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The other purification steps were carried out in accordance with well-known 
procedures, and included ion exchange chromatography on Separose CL-6B 
(prior to the bacitracin separation), gelfiltration and concentration by 
ultrafiltration. 

5 The specific absorption for a 0.1% solution of the purified trypsin-like 
F.oxysporum protease at 280 nm was determined to 1 .32. 

The purified protease was subsequently subjected to amino acid sequencing 
and analysis, and the N-termina! amino acid sequence was determined. 

EXAMPLE 2 

10 CLONING 0* A FUSAR1UM OXYSPORUM TRYPSIN GENE 
mRNA preparation 

Mycelium from a culture of the F. oxysporum strain DSM 2672 obtained as 
described in Example 1 above, was crushed under liquid nitrogen, resuspended 
in 5M guanidine rhodanide, separated on a CsCI-sarcosyl gradient, and mRNA 
15 was isolated therefrom. The mRNA was washed with ethanol, and 

fractionated on an oligo-dT column (Chirgwin et al. (1978), Truelsen et al. 
(1979)). The quality of the resulting mRNA was tested in an in vitro 
translation assay using reticulocyte lysate and 35 S-methionine. An SDS-PAGE 
analysis showed bands from below 20 to more than 100 kDa. 

20 Preparation and screening of a cDNA library 

A cDNA library of the mRNA was constructed in E. coti MC 1000 following 
the procedure of Noma et al. (1986). After transformation and plating about 
15000 colonies were replicated onto Whatman 540 filter paper. A mixed 17- 
mer probe based on the N-terminal of the enzyme was synthesised (T M 42-52 

25 °C). 
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N-terttinal : IVGGTSAG D F P F I V S R N G 

C C C A 

GATTTTCCNTTTATCGT 

T 

Split on the isoleucine codons the probe was divided into three pools of 32 
and three sets of filters were screened. After wash at 42 °C and re-isolation of 
possible candidates three positive clones were identified. These positive clones 
were all found with the ATC-isoIeucine probe. 



Probe 

5 



10 Identification and ana lysis nf the oene 

Plasmids were prepared from the three clones according to Sambrook et a!, 
1989 and, following restriction mapping, two turned out to be identical and 
the third was about 100 bp shorter. The longer clones were sequenced on 
both strands using the method of Maxam & Gilbert {1980) and the resulting 

15 DNA sequence appears from SEQ ID No. 1 . 

The amino acid composition of the purified F. oxysporum trypsin-like protease 
obtained as described in Examples 1 was in accordance with the composition 
deduced from the DNA-sequence shown in SEQ ID No. 1 . 

Analysis of this sequence revealed a gene coding for a trypsin-like protease 
20 with a 17 amino acid signal peptide according to the rules of von Heijne 
(1986) (cleaved between Ala-17 and Ala-18) and a propeptide of 7 amino 
acids (Ala-Pro-Gln-Glu-lle-Pro-Asn) between the signal peptidase cleavage site 
and the known N-terminus of the enzyme. The role of this hypothetical 
propeptide is unknown but proteases are normally made as inactive zymogens. 

25 The mature enzyme shows less than 50% identity with all known trypsins be 
it mammalian, from fruit fly, or bacterial {Streptomyces). The highest identity 
(48%) of the mature trypsin-like protease was found with a fruit fly trypsin. 
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Expression of the ge ne product 

cDNA encoding the trypsin-like F. oxysporum protease, obtained as described 
above, was inserted into the vector pCDV1-PL described by Noma et al. 
(1986) resulting in the plasmid pSX180. The coding region of the cDNA was 

5 inserted as a Ncol-Xbal fragment into the Aspergillus expression plasmid p777 
(EP 0 489 718) which was cut with BamHI and partially with Xbal. To join the 
5'end of the cloned DNA to the vector a synthetic linker DNA KFN709/710 
(illustrated in Fig. 1) was added to the ligation reaction. The resulting plasmid 
pSX183 was co-transformed into A. oryzae (IFO 4177) together with plasmid 

10 pToC90 carrying the amdS from A. nidulans (WO 91/17243). Transformants 
were selected for growth on acetamide. When grown in YPD medium a protein 
appeared in the supernatant slightly larger than the trypsin-like protease 
isolated from F. oxysporum supernatants. Surprisingly no activity of the gene 
product could be determined from hydrolysis of L-Benzoyl-Arginoyl-pNA (a 

15 trypsin substrate). 



EXAMPLE 3 

ACTIVATION OF THE PROENZYME 

In an attempt to obtain an active trypsin-like protease, an aspartyl protease 
isolated from F. oxysporum supernatants (as described in Example 1) was 
20 added to the fermentation medium harbouring the inactive trypsin-like 
protease. 

By this treatment it was found that the protein from the transformed A, ojywe. 
became the same size as the standard on an SDS gel and the sample showed 
tryptic activity as determined form hydrolysis of L-Benzoyl-Arginoyl-pNA (data 
25 not shown). This indicates that the enzyme is expressed in the form of a 
proenzyme, and thus confirms the presence of a propeptide as deduced from 
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the DNA sequence. From the activity studies it is apparent that the function of 
the propeptide is to keep the enzyme in an inactive form. 
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SEQUENCE LISTING 

(1) GENERAL INFORMATION: 

(i) APPLICANT: 

(A) NAME: NOVO NORDISK A/S 
5 (B) STREET : Novo Alle 

(C) CITY: Bagsvaerd 

(E) COUNTRY: DENMARK 

(F) POSTAL CODE (ZIP): DK-2880 

(G) TELEPHONE: +45 44448888 
10 (H) TELEFAX: +45 4449 3256 

(I) TELEX: 37304 

(ii) TITLE OF INVENTION: Trypsin-like Fusarium protease 
(iii) NUMBER OF SEQUENCES: 2 

(iv) COMPUTER READABLE FORM: 
15 (A) MEDIUM TYPE: Floppy disk 

(B) COMPUTER: IBM PC compatible 

(C) OPERATING SYSTEM: PC-DOS/MS-DOS 

(D) SOFTWARE: Patentln Release #1.0, Version #1.25 
(EPO) 

20 (2) INFORMATION FOR SEQ ID NO: 1: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 998 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 
25 (D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 

(iii) HYPOTHETICAL: NO 
(iii) ANTI-SENSE: NO 

(v) FRAGMENT TYPE: internal 
30 (vi) ORIGINAL SOURCE: 

(A) ORGANISM: Fusarium oxysporum 

(B) STRAIN: DSM 2672 
(ix) FEATURE: 

(A) NAME/KEY: misc_feature 
35 (B) LOCATION: 1..998 
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 1: 

ATCATCAACC ACTCITCACT CTTCAACTCT CCTCTCTTGG ATRTCTATCT CITCACCATC 60 

GTCAAGTTCG CTTCCGTCGT TGCACITCIT GCTCCCCTGG CTGCTGCCGC TOCTCAGGAG 120 

ATOOOCMCA 1TCITCGTCG CACTTCTGCC AGCGCTGGOG ACTTTCCCTT CAT0GT5AGC 180 

5 ATTAGCCGCA AOGGTOGCCC CTQCTGTGGA GGTTCTCTCC TCAAOGCCAA CACCGTCIT3 240 

ACIGCTGCCC ACTGCGTTTC CGGATACGCT CAGAGCGGTT TCCAGATTOG TGCTGGCACT 300 

CTOTCrOGCA CITCTGGTaG TATTACCTCC TOGCITTCCr COGTCAGAGT TCACCCTAGC 360 

TACAGCGGAA ACAACAACGA TCTTGCIATT CTGAAGCTCT CTACTTCCAT COCCTCCGGC 420 

GGAAACATCG GCIATGCTOG CCIGGCIGCT TCCGGCTCTG ACCCTGTCGC TGGATCITCr 480 

10 GCCACroiTG CIGGCIGGGG CGCIAOCTCT GAGGGCGGCA GCTCIACrCC OGTCAACCIT 540 

CTCAAGGTTA CTGTCCCTAT OGTCTCTCGT GCTACCTGCC GAGCTCAGTA OGGCACCTOC 600 

GCCATCACCA ACCAGATGTT CTGTGCTGGT GTITCTTCOG GTGGCAAGGA CICTIGCCAG 660 

GGTGAGAGOG GCGGCCCCAT CGTOGACAGC TCCAACACTC TTATCJGGTGC TGTCTCITGG 720 

GGTAACGGAT GTGCCCGACC CAACTACTCT GGTGTCXATG CCAGOGTTGG TGCTCTCOGC 780 

15 TCITTCATTC ACACCTATGC TTAAATACCT TGTIGGAAGC GTCGAGATGT TCCTIGAATA 840 

TTCTCTAGCT TGAGTCTTGG ATACGAAACC TGTITGAGAA ATAGGTTTCA ACGAGTTAAG 900 

AAGATATGAG TTGATTTCAG TTGGATCTTA GTCCTGGTTG CTOGTAATAG AGCAATCTAG 960 

ATAGCCCAAA TTGAATATGA AATITGATGA AAATATTC 998 

(2) INFORMATION FOR SEQ ID NO: 2: 
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(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 248 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

5 (ii) MOLECULE TYPE: protein 

(iii) HYPOTHETICAL: NO 

(v) FRAGMENT TYPE: internal 
(vi) ORIGINAL SOURCE: 

(A) ORGANISM: Fusarium oxysporum 
10 (B) STRAIN: DSM 2672 

(ix) FEATURE: 

(A) NAME/KEY: Protein 

(B) LOCATION: 25 ..248 
(ix) FEATURE: 

15 (A) NAME/KEY: Peptide 

(B) LOCATION: 1..24 

(D) OTHER INFORMATION: /label= pre-propeptide 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2: 

Met Val Lys Phe Ala Ser Val Val Ala Leu Val Ala Pro lea Ala Ala 
20 -20 -15 -10 

Ala Ala Pro Gin Glu He Pro Asn lie Val Gly Gly Thr Ser Ala Ser 
-5 15 

Ala Gly Asp Phe Pro Phe He Val Ser lie Ser Arg Asn Gly Gly Pro 
10 15 20 

25 Trp Cys Gly Gly Ser Leu Leu Asn Ala Asn Thr Val Leu Thr Ala Ala 
25 30 35 40 

His Cys Val Ser Gly Tyr Ala Gin Ser Gly Phe Gin He Arg Ala Gly 
45 50 55 

Ser Leu Ser Arg Thr Ser Gly Gly He Ihr Ser Ser Leu Ser Ser Val 
30 60 65 70 



Arg Val His Pro Ser Tyr Ser Gly Asn Asn Asn Asp Leu Ala He Leu 
75 80 85 
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Lys Leu Ser Thr Ser He Pro Ser Gly Gly Asn He Gly Tyr Ala Arg 
90 95 100 



Leu Ala Ala Ser Gly Ser Asp Pro Val Ala Gly Ser Ser Ala Thr Val 
105 110 115 120 



Ala Gly Trp Gly Ala Thr Ser Glu Gly Gly Ser Ser Thr Pro Val Asn 
125 130 135 



Leu Leu Lys Val Thr Val Pro He Val Ser Arg Ala Thr Cys Arg Ala 
140 145 150 



Gin Tyr Gly Thr Ser Ala He Thr Asn Gin Met Phe cys Ala Gly Val 
10 155 160 165 

Ser Ser Gly Gly Lys Asp Ser cys Gin Gly Asp Ser Gly Gly Pro He 
170 175 180 

Val Asp Ser Ser Asn Thr Leu He Gly Ala Val Ser Trp Gly Asn Gly 
185 190 195 200 

15 cys Ala Arg Pro Asn Tyr Ser Gly Val Tyr Ala Ser Val Gly Ala Leu 

205 210 215 



Arg Ser Phe He Asp Thr Tyr Ala 
220 
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CLAIMS 

1 . An active recombinant trypsin-like protease enzyme comprising the amino 
acid residues 25-224 of the amino acid sequence shown in the appended SEQ 
ID No. 2. 

5 2. A proteolytic composition comprising a recombinant protease enzyme as 
defined in claim 1 . 

3. A DNA construct comprising a DNA sequence encoding the recombinant 
protease enzyme as claimed in claim 1 . 

4. A DNA construct according to claim 3, wherein the DNA sequence is as 
10 shown in the appended SEQ ID No. 1. 

5. A DNA construct according to any of claims 3 or 4, in which the DNA 
sequence encoding the recombinant protease enzyme is r derived from a mi- 
croorganism. 

6. A DNA construct according to claim 5, in which the DNA sequence is 
15 derivable from a bacterium or fungus. 

7. A DNA construct according to claim 6, in which the DNA sequence is 
derivable from a strain of a Fusarium species, in particular a strain of F. 
oxysporum. 

8. A recombinant expression vector comprising a DNA construct according 
20 to any of claims 3-7. 

9. A cell comprising a DNA construct according to any of claims 3-7 or a 
vector according to claim 8. 
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10. A cell according to claim 9, which is a microbial cell. 

11. A cell according to claim 10 which is a bacterial cell or a fungal cell. 

12. A cell according to claim 1 1, in which the bacterial cell is a cell of a 
gram-positive bacterium, e.g. of the genus Bacillus or Streptomyces or a cell 

5 of a gram-negative bacterium, e.g. of the genus Escherichia, and the fungal 
cell is a yeast cell, e.g. of the genus Saccharomyces, or a cell of a filamentous 
fungus, e.g. of the genus Aspergillus or Fusarium. 

13. A method of producing a recombinant protease enzyme as defined in 
claim 1, wherein a cell according to any of claims 9-12 is cultured under con- 

10 ditions conducive to the production of the protease, and the protease is 
subsequently recovered from the culture. 

14. The method according to claim 13, in which the recombinant protease 
enzyme is expressed in the form of a proenzyme and the cell is cultured in the 
presence of a proteolytic enzyme capable of converting the proenzyme of the 

15 protease into a mature enzyme. 

14. The method according to claim 19, in which the proteolytic enzyme is a 
metallo-protease, in particular a Bacillus metallo-protease. 

15. A detergent additive comprising a recombinant protease enzyme 
according to claim 1, optionally in the form of a non-dusting granulate, 

20 stabilised liquid or protected enzyme. 

16. A detergent additive according to claim 14 which contains 0,02-200 mg 
of enzyme protein/g of the additive. 
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17. A detergent additive according to claim 15 or 16 which additionally 
comprises another enzyme such as another protease, an amylase, a lipase, 
peroxidase and/or a cellulase. 

18. A detergent composition comprising a recombinant protease enzyme 
5 according to claim 1 . 

19. A detergent composition according to claim 18 which additionally 
comprises another enzyme such as another protease, an amylase, a lipase, 
peroxidase and/or a cellulase. 
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